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ELECTRODE TREATMENT METSOD FOR IMPROVING PERFORMANCE 
IN LIQUID FEED FUEL CELIS 



llie piesait i]iveiiti<m idyafes to dfictro^^ 
dbctrode treatment mediod for 
paiticuiariy, Ifae presort invention 
10 im|m)vingpezfoxm2QC6m<lii^ 



Electnwhemical fiicl cells convert reactants, namely fiacl and oxidant fluid 
IS stieams, to geneiate electric power aodiBac^rap Electrocfaenucalfiid cells 
genotally eoqiloy an electio^ disposed between two electrodes, namdy a cathode and 
ananode. An dectiocatalyst typically induces the desiieddeclndi^^ 

dectiodes. In addition to decirocatalyst, the ekctiodes may also cony^ 
electrically conductive sbeetmatBoal, or dectrode sd^stiste, ujxm ^chtbe 
20 dectrDcatalystisdqpodtedlluekictrocatalystinaybeam(^bl^k,analloyora 
svg^rted metd catalyst such as, for exanq>}e, platinum on caibon. 

A particulaily attractive fiiel cell is the solid polymer electrolyte fuel cell, vAasii 
eo^loys a memteine.electrode assembly C'MHA"). The MEA comprises a solid 
polymer electtx)Iyte or ion-exchange membrane diqiosed brtween the two electrode 
25 layera. Flow fidd plates for directing the leactants across (Hie snifkx of each electrode 
substrate, are disposed on each side of the MEA. 

ElectrocalalysA can be iocotpoialed at dK electrode/dectrolyte in^ 
polb^ei ^ ^lyios it in a l^rer on dther an d 
membrane electrolyte itsd£ Imttie&rmer case oftiie,electn)catalystpartidcs are 
30 ^ieallytnixedvdtiiaUquidtoformaiduriyorinkvvfaichistbeiit^liedtottie 
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electrodc substaUe. Whik the sluny imfeiBbty 

isiHefmedtiiatt]]«slunyiu)tpefK:tiatet(K) deq^ into tbe substrate so that as much of 
the catalyst as possible wiU be located at the desired monhranfi electrolyte intesficc. 
Effective dectrocatafyst ates have several desirable characteiistics: (1) sites 
5 are accessible to the iea(^aat,C2) the sites are dectiicallycorti^cted to ibef^^ 
current collectors, and (3) the sites are iomcally connected to the fuel cell electrolyte. 
Electrons and protons are typicaOy generated at the anode electioca^yst The 
electrically coruhictive anode is connected to an extemal electric dmiit, yAdsh condiKts 
an dectric omenL Tbc electrolyte is typically a proton conductor, and protons 
10 goiorated at the anode electnKatalystmxgratetbnnight^ 
ElectiocaMyst sites are not productively utilized if 

beingiodcaUyli»]S|>Qrtiedto11)edectra]yt6. Accordine^yjcoatiiigtibeexteric^siir&ces 

of &e elecirocatalystpartides imth uuucall^ 

emidc^ to ioQtease the utilizstkm of dectrocatalyst 
IS increase fiidcdU.perfoiiQance by pmvidinginpnvedi^ 

deetrocata^ sur&» sites and the electrofyte. The ianomcr can be incoipQ^^ 

catal}^ ink or can be iqiqiUed to the substrate after it has been coaled witfacatalysL 
A measure of dectroclieiDical fud ceQ pofimnaaoe is tiw vol^ 

theceUfinragivencuRentdeaudty, Hi^erpeifiMmanoeisassociatBdwflhahig^ 
20 voltage ontput for a given CTOtemden^OT higher current doisity&r a given voltage 

output Increasing effective utili2adonofd»dectrocalalyst enables the same amount of 

d^^tiDcatalyst to induce a Mgho: rate of electrodienikad OQiiva^ 

1h«»by iBSultinginiiiijHOvedperfarniance. 

A broad range of leactatits can be tised in dectrochmical fuel cells and sudi 
25 leactantsm^ be ddivcted in gaseous or liquid streams. For example, tlie fiid stream 

may be substantially pure hydiogai ps. a gaseous hydroge&containing refoimate 

stieam, or aqueous indhanol in a direct meaianolfudcdl(DMFQ. The oxidant may, 

£br exan^e, be substantially pure oxygen or a dilute oj^goD stream sudi as air. 

SoUdpolymerfiiel cells tiut operate on liquid leactant streams ("liquid feed fiid 
30 cdb'O have somevdiatdiffereittiequiiBinentstilian those q)^^ 



wo 00/24073 



PCT/CA99/009«; 



-3- 

streams. In particular, llien»]Tmeimen^ 
stieam aid maldng nsBctaot contact 'witt tii^ 

gas slream. For instance, faydroi^bic OMiqwnaits such as PTFE are typically onployed 
in gaseous feed fuel cells, in part, to tender electrodes less v/ettatde and to prevent 
5 "^k»ding^(FlcK)dinggeaotaUyte&rs to a situation where the pores in an elec 
so full of liquid, e.g. reaction product water, that the flow of the gaseous lesctant 
through the electrode becomes tnqseded.) In liquid feed fuel cells, however, it can he 
desirable to make compcmeats in the anode (e.g. catalyst layo) more wettable by the 
liquid fuel stream in order to inqnove access of the leactant to tl^ electrocatalyst sites. 

10 IneariyDMFCs,sulfi]ikaddwasiiiCQipoiatedin^Uqio^ 
stream in order 10 ediaiice protcni ccmductioti at tihe anode. Tlie pc^^ 
however may limit the performanw of the fuel cell in other ways and impose constraints 
on the fbel cell hardware for COTrosioa reasons. Add electrolyte additives arc no longer 
considaediieoessaiy to obtain reascmahlepariSin^ Instead, 

IS iaum^ccoattDgsofdiB anode intbe vicinity ofliie catalyst lawyer can pi^^ 
satis&ctoity proton conductioa Such an ioooi&eric coating may also ii^ro^ 
and liax» aooKS of the aqueoos nietlianol fbeL 

While h mc^ seem desirable gpKiaUy to iiipove (he vv^^ 
anode, tRstmeots that iizqaove w^tiog of die anode per se, do not neo 

20 net peifisniianceiiif^ovanent For instance, an ioiKTnier coating also can ^ 

banier to tiie transport of electrons, liquid iud, aiid reacti(Mi product gases (e.g. carbcm 
dioxide fiommethaiK)! oxidation) tboceby reducing net pofoimance^ Thus, 
the net effect of such treatments is difi&mlttoixedict. 

25 Summary Of The Invaation 

In liquid feed solid polymer electrolyte fuel ceUs tl^ ii»:hKle at least one 
electrode comprising a carbonaceous substrate, the foA cell performance may be 
inqvoved by oxidizing tite carbonaceous substrate prior to inoBporating electrocatalyst 
30 into tiiedtectFode. By pcafonmngtbe(sddativetceatmeat prior to incori^^ 



.4. 

eiectiDcatalys^ oxkla&>a me&ods can be used to 
electrocatalyst 

Qjddation results in ^ fimnatioa of variom surface oxide g]^^ 
caibcmacxous substiate. While difif»cnt met^^ 
5 tie type and amoBnt of surface oxide gnxips may vwy with them 
extent of flw hnpnivement may flws also be eaqjccted to vary 5ome\^ 
enqiloyed 

ElectrodiBmical oxidadon in an aqueous sohiti<m is a pcefei^ 
oxidi2ing &e cazfoonaceous substrate sor&ce and for iit^flx)vjn^ 
10 Pr^erably, the aqueous solutioQ is addic.Ho«wver» 80^ 
caibniaceoas substiBte agtdficanfly nioie vvettal^ to varlo^ 
While this may be £ijndan«»tBUy benefiu^ ID 1^^ 

create a im>blemvnthT^ards1oiq]{>Iyiiigdectrocat^ Fch- 
instaiioe^ dectrocaialyst applied in llxi form of an aqueous ink ixi^ 
IS fesdafaate instead ofiemaining in a smfiKylayCT hereon. In such an instance, the 
treated carbonaceous substrate can be iin[»esDated ^ 
b(foe app^lng die electrocatalyst tiKietD sncdi that flw 
wMtablel^ water. 

Oxidative treatiiierit mqr be e]q)eded to iiiqirove ^ perffRmanca of any Hqm^ 
20 feed dtectrode that enptoys a carbaiaceoos substrate ^e. cathode or anode). Generally 
howevcf, liquid leactant sdn»ms in use at this time are piio^ 
alcohols, e&eas, and the like. The oxidative treatment is particularly suitable for use in 
the anodes of methanol feed DMPCs «nce it can provide a substantial inqirai^ 
pofonnance. Furtho', the pres^idy preferred cotal^ for use in DMFC anodes is a Pt- 
25 l^uaUoy to can decoinpose if subjected tptiwprefenedelectnxdiemic^ 
treatment By treating tie anode substrate before tteelectnxstfalyst is qipli^ 
decomposition of the Pt-Ru is avmdod. 

In a pnfeixed embodiment, electrochemical oxidative treatment can be ca 
out 1^ constructing a amayple electrochemical cdl comprising tie cartxKiaceous electrode 
30 sidjfitiate as a woikingelectcodeakffig with a suitable inert couid^ The 
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woddog and comtet electrodes are immecsed in an aqueous sohdioii electrofyte, 
preferably an acidic electrolyte, and are coanedcd to the positive and negative terminals 
of a power supply, lespectively. Tteatment is acconqilished by directing electric current 
tbiough Ibe electrodimiical treatment cell During tiie treatment, the voltage of -Oae 
5 carbonaceous substrate m>ikingeiectrode is pieferaUy greater &an l^V versos a 
Normal Hydrogen Electnxk. Otherwise, cunoii can pass tiirough Ibe eiectiodien^^ 
cell without resulting in significant oxidation of the substrate. Sach treattnoit has been 
shown to effective greater than about 20 c(Hdomte per cm^ of substrate u 
passed through an electrodmnical treatnKnt cdL 

10 InprindpIes,avaiie^afspedesin<Uffeiingoomxntrationscanbeeii9 
ifaeelectroIytBofibedectrodiaiiicaltieabnnitcdl. Fotexanqib,^ aqueous 
dectrolyte sduticm can coinpiise sulfuric add in a coiicai^ 
M. Ibe oxidative treatment has Ixscnsfaowa ID be particu]^ 
substrates ofcarbm fibre paper or carbon fibre nmi-woveiL 

15 Aftstreatmcii^ ^carbonaceous substrate is deabd}^impr^gtia^ 

jHotoacondnctingiQnom«> before qn>Ucati<m of Swelectrocalal^ ApcdSaoed 
ioManar is poly(perfluo8cosul^hiMiic add). The amotwit impr^nated into the substtate is 
desiiably grcateirlbaa about 02 mg/ran^ The doctzocatalyst can tfiea be subsequently 
q^Ued in tike fiiraa of an aqueous ink without peodiating tmaocqitabfy 

20 stibstiale. 

Indqp^idaitof any oxidative tresbneot of the dectiode sulstrate, it has been 
discovered that a fud ceU petfonnaiKM; improveoient can be obtained sin^ by 
impregnating the substrate with a proton ouiducting iooomer be&re aj^cation of tbe 
electrocatalyst Then, after the electiocatalyst has been iq>plied, it nu^ be additionally 
25 advant^eom to ^plyionomer again. 



Figure 1 is a schemaiic diagram of a liquid feed solid polym^ electrolyte fiiel 

30 cell 
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Figun 2 is « plot of effective pistinum surface area ("EPSA") and catalytic cmrait as 
a function of treatmoit time, shov^g the EPSA and catalytic current data for the treated 
anodes and untreated anode of Example I. 

rigiue 3 is a polarization plot of cell voltage as a fimctioa of cinrait deoaty for 
5 fuel cells iiK»iix>iadi)g an oxHlatively treated aiK}deC^ 

Ul) of Example 3, v^ch had not been impt^^oated vrifli UHKHner before flying Has 
catalyst 

Figure 4 is a plot of catalytic cunoit as a functiaQ of electrode poteaitial, 

showing the current versus voltage cyclic voJtajmoetiy data of laboratory half fuel 
10 cells incotporating an oxidatively treated anode (plot T2) and an untreated anode (plot 

U2) of Example 4(b). 

Figure S is a polarization plot of cell voltage as a function of cuneot density 

for laboratory fuel cells incorpaating oxidatively treated anodes (ptots T3 and T4) 

and untreated anodes (pM IB and U4) of Example 4(c). 
15 E^giire6isapolarizadonplotofceIlvoltBgeasafuncdonofc»ira 

for fiel ceUs Incoiporating oxkiativdy treated anodes (plots TS an^ 

anode (plot U6) of Example 4{d}. 

Detailed Deacrintkm Of The Preferred fJmtmrfimiiiifa 

20 

In the present nietlKxl,1faepecfonnance of porous anodes incorporating 
caibonaceous stibsttates m Ugind feed ftid cells mi^ 

treating tiie anode subsbate, in Ifae absence of an electrocatalysL Thus,^pcesent 
noedud peamits die eo^loynieDt of oxidative treatments Ifaat nn^ 
25 electrocatalysL A prefened oxidative treatmetit involves dectiodieaaiic^ 
the sui&ce of the catbcKiaceous substrate in an «p»u5 sohdioo. Sucb 
to introduce acidic sur&ce oxide groups (XI ^ carbon sur&ce. 

Various carbon contairdng sub^rates inay advantageoiEsly be sutgected to 
oxidafive treatment, far example, caibon fibre based sheets and composite materials 
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iocludiiig particulate carlxm. RrcfmedpoiouscaibcniaceoQS substrates inchidec^^ 
Sbrepapea, carbon clotiis, aod carbon fibre oqd-wovcd materials. 

Any suitable catalyst can be coosadoed fcnr use herein. For exaniple. noble 
metal blacks, si^E^rted metal catalyst and metal aQoys are commcHily used Tbechoice 
5 of electrocatalyst fi>r sub^uent incorporation into Uie electrode wxU dcpa^ on the fuel 
cellreactioa Por direct nicdmol fuel cdls, presently {se&iied anode catalysts are 
alloys of platinum and nithenium. 

Electrodieinical oxidaticHi ofllie substrate can be peifiiimed in a sinq)le 
eleclnxdienucal ceU c(»]|«dDg a VK>^^ 

10 suitaIdBa>unterdectrodevi4iidi are both iimneised in BO aqueous AUhoi^ 
neutral or even base sohfioas nuy be conaden^ in pric^^ 
aqueous solution is ell:^doyed. ThewnkingandcomitBrdecttDdesarecoDnectedIo 
positive and neg^ve terminals of a power suppfy, lespecttvdy, and electtic cunesot is 
passed Aroug^ the electrodianicalcelL In older to e£Rxt a more anifann oxidation, 

IS bctiidectrodes are desirabbrofinufimngecmietiy and spacing. 1^ 
carbraiaceous substrate at Am: woridng dectode is p^ 
ieacti(»> occurs: 

2HiO->02 + 4ir + 4e- 

20 

The above leacdon is somewbat depGodaA on tin; IT ccHicentration according to tiie 
Nanst equaticm. Accordingly, the voltage of Ibe catbonaceoiB substrate electrode is 
I»efiasbly greater flian abont 12 V versus die Normal Hydrogen Hectrode (TmE") in 
an acidic aqueous dilution. Evenly distributed bubbling across the sur&ce of both 
25 ekictn>d« at »uiipotaitiab can be used as a visud indication of unifix^ 

distributi(ML It dioiild be iioted, bowever, ftatdns voltage is bi£^ enough to resu^ 
dissolution ofnribaunm if present on tbesiibsfiateCoccutiiQ^ Vvecsus 
NHE). Tbas,fttsnotdesiiabletoluveiaaieiiianoHMmta^ 
peifixming dlectiodiemical oxidati<m under these conditions. 
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Various adds may be used in an addic aqueous sohitioa for the dectrochanical 
cell Sulfuric add andphosf^tKKic addaie ggoddu>ices astiuy ate stable atth6<ksiied 
potoitials. Nhric add aiidhydiDcbloric acid are less pti&n^c^ces as tb^niay 
result in die forma^n of possible poisonous by-products. The type of wad and the add 
5 ctmceotratioanuy be varied to produce tlKdesiisddegr^ of substrate oxida^ Add 
omcentistions on the order of 0.5 M have been founl to be suitable. 

In ^mple elediodieinical cdls, it has been fotmdtiiat ararbooaceous substrate 
can be effectively treated by passing tihe onkr of 20 to 80 coolcmibs of 
ceotimetoofsabstzaie. Thumbeactxm^lffihediuaboutSto lOmiii^ 
10 voltages around 4 V. Althoo^bodiflwmHjdng and counter dectrodepote^ 
vvidirespect to NHE , operating die oeU at such voltages is usually su^ 
caiboiiaoeousvwildng electrode above ifae desired 1.2 V veisusNHE. For greater 
certain^ however, a le&vnce electrode in^ be enQ>]o^ 

In Iqrgp scab inaim&ctarB, it is gniosUy dedrable to accM^ 
15 ragpldly. Thus, incieasiE^dieanui treated and/br increasing Ifaa current dei^ 
desiral^ For high volume mmiiifiictnre, it may bfe preferable to anptoy fleable 
substrates suitable for a leel-toreel ^ treatment process. 

After lenioving residual add fiom the treaiied substrate (e.g. washing in 
vrati^X an decbYK^talystinay bellied to die substrate if 80 desired Various 
20 coaventiand methods Qfqjplyingcatal^ are kiuvmsudi as, f(»-exanq>Ie, spraying, 
^aeenpiintkig, (NT ink-jet printiiie a slurry therecM). and dcctiod^caldq^ The 
caibonaceous substrate teiKls to be substantial^" m(m lettable as a result of oxidative 
treatment For iiistatK»,vvliexeas prior to tceatm»t water drc^lets introduced on the 
substrate sur&ce might bead and nsnain in place for some time, after oxidative 
25 treatinentflwwata- droplets tend to become ri^ridly and/or con^pletdy absorb 
sutstrste. Tims, a catalj^shmy tends to pen^rate more deeply into the oxidized 
substrate surfiKe «4kii apptied by ariy of the conventional inedhods ZD^^ 
aiQr other tochiuque so afifectedby the iricrcasedsidjGa^ 
catalyst may not remam at fte substrate/knembrane intei&^ 
30 preferably located. For^andpedij[^odKrieas(Kis,lherem^benonetpaf(mri8nce 
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benefit in a fuel cell where Ibe anodes was made singly by conveitionally flying 
aqueous catalyst shmy to a wettable oxidadvely treated caibonaceous substrate. 

Hovvevo^, it has beea fi}uiKl that inqatfinatiDg caibffl 
have been oxidativdy tieated before the qjplication of an electrocatalyst, with a proton 
5 f w nnltwting innftmtar eoaliiig can pmwde fig a net benefit in fael cell petfonnance. Such 
inqn^nation decreases iba penettadon of an aqueous catalyst sluny apf&cd to the 
substrate sui£h». Furtbar,sui&impiegnaficmcantesdtmafbdc(^peifiinn^ 
benefit indqpendoidy of oxidatiVB substrate treatmoit. 
The substfate ni^y be kipngoflted, for example, 

10 ma solution (»aqiiisingtMian(»)er and tbea Piefcned 
ionomeis iDChide DuPonfs Kafion™ 'vxxma in various eqoivaleiit (e.g. 1 100 
and 900 equivakait wdgbt) and Ballard Power System Inc.' s BAM^ triflixnosiyrene- 
bosed i«»om«- compositlans. An ioxiniBr coating of abo^ 
substrate has beox shown to be effective. Hovivver, greater amoimtsinay provide 

IS inq)rovedfudcdIpeifinmance.llKionanerwei8^ 

substrate by this dipping method depends primarily on tbc conctmtration of l3ao iontxner 
m sohitiwi. For instance, a 1% Nafion™ polynwr sohition in isopropanol was used to 
introduce 0.2 to 03 mg/an^ofNafiorf** into a carbon fibre paper substrate. Greater 
amounts may be iocoqxxated using dtber a more cfHtceotiated sohition or via multiple 

20 dtpping/diyiiig steps. 

Aft»- applying ^ catatyst to the subsbate, a Hquld feed fiid ceU comprising t^ 
above anode my be constructed uang conventional teduiiquBS. Figure 1 dnmsa 
fi^KFxutticany typical fhel cell assembly containing a porous anode 1 oon^singa 
carbonaceous substrate 2 that has been subjected to oxidative treatmoit befbie ^ 

25 «{>p]icatioa of catalyst 3. Fuel cdl assembly 10 contains at least o«}einBmbr^ 

dectrode assembly QvlEA) oomprismg a pcaous cathode 4 and porous anode 1 that are 
bondedto asolid polynjermemhrane electrolyte 5. Hecbocatalyst 3 is disposed at the 
inl»&ce between catbanaceoossab^tate 2 aiidmembianede^ Ianoincr6ts 
diqiersed overtiie stdstrate suAce as aiesnlt of ^ a&iemcaiiioned in^pi^gnatiaa 

30 Ionomer7alsoisprcfeirfdydi^)etsedovertbei9)plieddectrocatelyst3^ 
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result of applying in the Sxm of an imoma ink solntion. (The catafyst layer on tiie 
caJhode is not shown.) Oxidant flow fidd 8 and liquid fi»el flow fidd 9 are ptessid 
again^ cathode 4 and anode substrate 2 re^jectivdy on ^ &ces 0{:pos^ 
electrolyte 5. Fuel cell assanbly 10 has anoxidmitinlet 11, an oxidant outlet 12, a 
S liquid flididet 13, and a Uquidfoeloudd 14. Electrical power is obtained fi^ 
ceUbydectricallyconnectiagpo^tiveandn^^eteiniinab ISand 16, raspecdvely. 
Tbe pitsence of addic surface oxide groiips on the carbonaceous substrate 
inlxoduoe a c(ooaoD coocon wQi i^apds to ^ fud ceU ha^^ 
Mliioutbting bouiki by a|xu1iciilar ti^^ 
10 associated vntfa the treatment of file caibonaceousisii^^ 

in Ibe vnMiAaSity of the carbonaceous substrate with eidia- ioDoni«r ^ch is 
sidxeqtraxtly dqpostted on die electiode or the liquM 
QuaHtadvdIy, die fbmier could result in nxm intirDste ocml^ 
vid&tiwdectiocBtalystfbierel^iiipKrringpn^ The latter coutd 

15 lesuh in inopoving liquid leaclant stream access to file catalyst Alteaii8tively,tfie 
picsenceofsur&ce acidic groups on 4)6 substntte sur&oe itself nay nnprove proton 
aocess/conductiondirecdy. FuitbarsdU,lfae|»esaDceofsaifkce active acidic groups 

affect tiKieactianldnfitics at the dectrocatalyst sites. For instance, in a DMFC the 
presence of these groiqis msy reduce die activadon eneigy £u electron 

20 meflianol md/cx its mtennediates to the ekctrocatalyst, themhy impmy^ng tw rthannl 
oxidation kinetics. 

The foMowing examples haw been induded to illustrate diffewatemk 
and aspects of the inveniion^ but should not be Donstmed aa HmTtiqgin any tyay. 

25 

Example 1 

A series of five fbd cell anodes was ptcpaied to evahiate dM ef^ of 
dfictiodinmcalfyaiddiaiigtiie anode substrate in laboiatety teste laaUcases^a 
30 1.5cni^|Heceofgn^^caiboafibiep^,CTP090(pio^ 
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the aoode substrate. One test substiate was left imtreated for com]»r^iveputpo^ 
The other, sub^iates in the series were dectroclKmicaUy oxidized in a be^ 
containing 0.5 M I^S04 and a graphite counter electrode. The tremnent involved 
elcctnxtooicaUyoxidiang^testsubstnlesatasubstaQ^ A 
S and a cell vtdtage of about 4 V for varying lengths of time (1,4, 10, and lOnmmtes fiv 
the fotir treats substrates lespectivety). 

Ilu test anode substrates were reinoved fiom the beaker ceU ato (»^^ 
tieatment and were dien linsed in wator and'diied. Aboot 4 xogfca^ of catalyst was tbea 
jnanually iqjpUed widi a qiatalalD tlie su^^ 
10 aquetnis catalyst ink ccHiqpiismg a cooimerci^ 

fiom Joi)nscai>MBtili^. Dunqg applicatioii of the catalyst, the treated substrates were 
notkeablymarewettabletolfaecore. lliereafter,Nafi(m™i(niomerwa$qqd^ 
piopanol solution to produce a coatiog dfabout 0.3 mg/cm^ 

One of the substrates wfaidi was treated for ten minutes was ttm 
15 electrodwnucaUy treated ^gainfbratwOerl^ 

ydBow indicating Ifaat significant diaaohitioa of Rn fiom flie catalyst had occurred. 

The d&cdve platinum surface area CEPSA") was detennioed fivtiblhiee 
retnaiimig test aindes and die aiK>deaK»ipoiatiog die untreated Theiesuhs 
aredx)wninFiguie2. Tlusmeasuraiient involves cyclic voltanunetry 
20 adsoiptioii/d»K}iptio(aofsurfacehydrogra(MidKanodeat24'*CandatascaniatBof20 
mV/s. Ibe methanol oxidation catalytic current for each test anode was detennined in a 
laboratory test cell. Tbet^cdQ used the test anode as the woikiDg electrode, platinum 
as the counter electrode, and a saturated cal«nel electrode ("SC£") as a refei«x» 
electrode. The liquid dectrolyte in die test cell was 0.5 M CHjOH and 0.5 M H2SO4 at 
25 85°C. C^cUc voltammettysweqw fiom ^)3V to 1 V versus S.CJB.weie taken on och 
electrode and d» results at 0.3 V vs. SCE are shown in Figure 2. 

As shown in Hgu» 2, a siguMcant improvanent in die rate of me^^ 
oxidadcn (catalydc omem) oocuiied as a residt of treflttnent of d^ 
Longa Ireataioit times gatve additiooal impiovei^^ 
30 widi die increase in catefyticcutient 
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£xample2 

Aoolhn'smesofiuel cell anodes was prq>aied as in ^cample 1 excepttbat 
5 differeait substrate iiiateriBlswmenq^ Four dijGbtimt substrate materials wae 
tested: a carbon fitoe ooit-wovea (CFNW) two grades of catboa fibre paper (CFP), 
TGP-^ and TOP-H-090 grades from Toiay, and iioni»toas graphite plate. For each 
substrate lype^ an anode inoQiporatiiig an untied 

cxtmparative purposes and a treated test anode vraspi:q»Fed as in Exanq>le 1 above. The 
10 dectrocheimcaloxidaian treatment linie in eadb case was lOni^^ 

test aixxlc substrate was then washed. 

As in Exaaq>le U an aqueous catalyst mk was iq;)pUed to tte SBifia^ 

substrate and an ifmomer coating was t^Uedtheieafln-. Finally, the m^faanol 

ondation catdytic current fiw eai^ was detemiined in a laboi^^ 
15 The results at 03 VvsJSCSaie shown in Table Ibdow. In aU cases, a significant 

impiovenient in the rate of me&anol oxidation occurs as a result of treatment of the 

anode siibstiates. Tlieimpovanent on die grtiphitesidistrate is particularly sigi^ 
Although tfae areas of each test substrate were tiK same, tbe weights were not, 

thus the values fat catalytic currrat in Table 1 are not normalized by weight. While the 
20 txm-porousgr^Iute plate was used to demonstrate an iticreasedcataiytkcunrfaat, it is 

not suitable for use as an actual fiiel cell electrode substmtB since it is noD-porous. 



Table 1 . Catalytic cunent for various treated substrate materials 



Substrate type 


Catalytic curreot, untreated 
(mA/cm^ 


Catalytic current, treated 
(mA/cm^ 


CFNW 


70 


85 


TGP-090 


110 


127 


TGP-H-090 


113 


140 


Otq>hils 


ISO 


392 
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£xamide3 

Two 49 cm* pieces of TGP-090 substrate were used to construct anodes for 
5 experitnental fuel cells. Qaepjeoe was dectnxdifflm 

similar cmreot denaty and voltage as in Exaaqile 2 above. Tbt oAer piece vm left 
untreated for conqjaiative inuposes. 

ExpcrimeattaJ fuel cells were tfaeo made to test pcrfonnance in an actual fiiel cell 
10 eaviionmCiiitMEAswere&iHkatedusdngacaiiv^^ 

vvilh a Nafion^ 1 17 menibiaiie. Flow fidid plates woe la^^ 
anode, lliefbd stream vnsliipiid 0.5 MC3jyOH and air was use^ The 
fiicl cells were qjoated witii a fiicl stream flow rate of about 1 1 mLpm and an air flow 
rate of about 0.49 noLpm at 1 00%. Hie ftiel and air stoichiometnes wen about 3.6 and 
IS 2at300mA/cm'rBspective>y. ReacAaststoicihioaietiyisfira to the ratio (^flw 
of a leactaot siqpi)Iied to a fuel i«Q to fte amo^ 
celL Forexanq)le,anH2staifibt(»iatyoflJDieansthat2p^ 
coofwwd la the iiid odl for evay 3 parts of tiydrogm siQ^ 

Polarizalicm plots of die fiid cell voltages as a fimctioa of cuneot deasty using 
20 d»o>ddativdy treated and untreated anodes, denoted TlaoiUl.ie^pecthrely, are 
shown in Figure 3. Suti»risingly, (be fiwlceUcoapisinglfae treated anode (p^^ 
shows poorer performaDce characteristics than the comparative fijcl cell that included 
tte untreated anode ((dot Ul). 

25 Example 4 

A sales of isst celk was constructed usizig treated anode substrates sic 
anodes joepared uang a TaP-H-090 substrate as in £i(an^ 
were of increasing cocqdexily and scale, as desoibed below. Test cells were also 
30 ccnstnicted using untreated anode substrates fivcoo^)^^ 
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expcdm^tal fuel cell anode subsiiates were impr^nated wifli ioaamsepaoria 
application of the catalyst 

5 (a)LaboratDiytestcell: 

As shown in Table 1 abov^ the treated and untreated anodes made widiT(P-H- 
090 substrates in Exaiiq)Ie2{^vredcatatyticcuneiits of 113 and 140 
respectively. IIusiq»oenbaJnuutalS%iiiq)iovcmei)tintiietbaiu)l^^ 

10 (b)Laboratoiy half fuel ceU: 

Two S J cm' pieces of TGP-H-^ were used 10 coQS^ 
laboratory half fuel ccU. One piece was electrochemically oxidized at a constant currcsot 
of 3 A and a cen voltage of about 4 V fiir 10 nunoies. llie oter piece was 1^ 
for ccmipeialive pinposes. Again, anode Mdc^ 

IS iooized water, ajqplyiDgPtrRubladk aqueous ink, and fioa^ 

ionomer sdutira. These substrates were not impregnated with ionomer prior to 
applicatim of tiie catalyst 

LaboialDiy half fiid cdls wm used to test inellia^ 
simulated fiid ceil enviiomneat The laboratatyhalffod cell used a half membrane 

20 electrode assemUy oonnsting of the anode laminated to Nafion™ 117 membrane. A 
flow field plate was pressed against the anode side of die half MEA and aliqoid 0.5 M 
CH3OH fiiel stream was directed to ^ anode. A difiteicm plate was pressed agaln^ 
exposed nieial»iine side (cathode rade) of the half MBA. The difiusion plate opened 
onto B chamber containing O.SMH2SO4. The chamber also C(mtatned a platinum 

25 ccHtnt^dectnxte and an SCBrefom» electrode located adjacent to the difEusicmplate^ 
M^banol oxidation catalytic current for each test anode was then, detaauned by 
cyclic voltammetiy sweeps at 50 mV/swifli the test fiielceU at 75'C Themefljanol 
f[owratewas6JniLpm. Figure 4 shows die cunentvasus vintage results of these 
sweeps. The treated ano^ denoted b the plot as T2,petfiM3iied substantially btiter 
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tban the untreated one, denoted in fbe plot as U2. Medtanolcrossova-luul no significant 
influemx on pecfomiatice of iMi ^pe of 

5 (c}Labocatoiy fuel cell: 

Foot 5.7 aa^ pieces of TGP-H-090 were used to constiuct anodes for a 
miniature complete test fiiel cell Two jHeces were electrochemically oxidized as above 
at a anutant cuirent of 3 A and a cdU vohagB aboot 4 V fiv 1 0 mimite^ 
pieces were notticatted dectrochetiucally, &r coiiq»iative puiposes. Anode fidnipation 
10 was conq)leted as in die preceding Exaroples except that one treated and ods 
coD^iaiative substrate were inqtr^nated wi^ 
catalyst. lononieriinpr^Bationvmaccan^diBd by coating 
OJnng/icm'ionQmarusiitgalKsQhjtionofNafion^iQoomerinis^ The 
oxidativdy treated sobsfiale vas impregnated afler the el^^ 

IS before t»a]]pUcadon of cataly^ The ojddalively treated and in^p^^ 
noticeably less wetted by tbe qq>lied aqiteous catafyst ink lim 
substrate tiiat had not beai impn^^oated \vi^ 

SmaU scale fiid odUs usiitg MEAs cwiastiiig of a cooveatioD^ 
test anode widi NoBoa™ 1 17 numbrane were used to test m^faanol oxidation ^ 

20 actual fuel ceUenvinnmKntFtowfidd plates were pa«ssed against bodica^^ 
ano<te and a Hquid 0.5 M CHjOH ftid streani and air oxidant were directed to each 
r^iectively. The fuel cdbwne operated wi& a fud flow rate of about 14 inLpm and 
aaairflowtateofabout0.23mLpmat95*^. Hie fuel and air stoidii(Hiietrieswne 
about 38 and 12.5 at 300 mA/cm* respectively. 

25 Polarization plots of the ceU voltage as a iunctbn of current densiiy tising the 

four anodes are ^wn in Figure 5. In Figure 5, the treated and untreated anodes ttiat bad 
not beea inqin^nated vridi ionomer prior to citfal^ qn^^ 
as T3 and U3, respectively. The treated and untreated anodes fliat had beea impregnated 
with ionomer prior to catafyst qjpUcation are denoted in the plots as T4 and W 

30 respectively. lliefiidoeQcon^iiang the oxidativdy treated anode subst^ 
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disaf^intiDg petfomiaiice, particularly at Ugh current doDsily, in rdatkxi to the 
compaiHtive fad cell conpdsing ihe utdieated anode IJ3. Howevo:, the cell 
mcoipKHatiDg the inqiregnated, oxidativcly treated anode substrate T4 siuwed a 
significant pcif<miiaDce fai^pirovNnait oyer the cell incoipcHiatmg the substrate \^cih 
5 was luitcixidativdy treated but impregnated U4 at all cunent densities. 

In combbatioQ with Exanq)le 3, Exanq>le 4 suggests diat the benefits of 
dectmchemically oxidizing the substrate i$ potentially oSsd by other fiictors such tfmt 
there is no net inpx>vanait in aU actual iud cells. However, ioipt^natiiig die <»ddized 
substrate with bnomer prior tD qiptying tite catafy^ 
10 ceUperfbmianoe as anandt of tte oxidative ticatine^ Fartt>er,ac(HxqsrisQDofplots 
U4 and 1J3, suggests that impiepialing untreated sulstrales widiout 
result in an unesipected porfonnaiice imjproveaieQt. 

(d) Larger test fiid cell: 
15 Thn» 49 cm* pieces ofTOP-H-090 woe used to coDslixict anodes fbrla^ 

cdls. Two pieces, douted T5 and T6, were dectrodienucaUy ondi^ 

a constant atrrgnt af S A at a cell vnhgge dnemt 4 V for 10 mimrteg. The t wrwiniiig 

piece, denoted U5, was left untreated for conqsiBtive purposes. AU substrata were tl^ 

iznpi^nated v(dth ionomer as in Example 4(c) above txcept that substrate in plot T6 was 
20 impregnated twice, lesahing in a total Nafion™ coating ofabout 0.6 nig/cin']Hi(»' to 

api^cation of the aqueous catalyst ink. Anode &bncad<m was Hxn completed as in the 

preceding Examples. 

Fuel cell coostroction was sinular to that of Exasnple 4(c) above except tlat the 

Aielcell was larger and NaQon™ 1135 membrane was i£ed. The fuel stream was 
25 aqueoiB 0.4 M CH,OH at a fuel stoichiometiy of 3 and oxidant air was used at a 

stoichiometry of 2 at 1 10°C. 

Pbts of the cdJ voltage vosus current density using the diree anodes are shown 

inFiguie6, Here, a significant net inqaDvanapit in petfiannance over the compaiativB 

oeU ({dot U5) was observed at Mglhest cunent dcaisity for the dotdd 
30 anode (plot T6). This improvement may result ftcmxAe oxidative treatment or the extra 
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impregnation. IlieiietperfiniDaiiceiinpiovemefltwitboxid^ 
iinpregnation is not as great as that observed to Example 4^^^^ Thismay bearraultof 
increased methanol crossover in these expoimeiits si^ 
oqjected with a Nafion™ 1135 membrane than a Nafion™ 117 membrane. 
5 This soira of test cdl lesults ^ws that vHuic oxidative treatment of electrode 

substmtes improves tite methanol oxidation rate in a half cell, tte net impiDvement in 
obtain fuel cell designs under cotain operating conditions nay ncA be as great as 
expected fiancatalyfoamnnt test cdl results alone. HKinqnovementmaybeoffiet 
by oihcr &ctms, inchiding ^ e£Bxt Ac trealmnit has on 

10 oossovn, and ^ like. 

While particular elements. etnbodim<»ts and plications of present 
invezidon have been sbofvm and described, it wD be tindeistood, of co^ 
invenlioii is not litoited thereto since modifications 
the art without dq>ardQg ih>m ihe sprit and scope of 

15 particularly in Bgbt of be fin^oing teachings. 
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Whatisdafanedis: 

1. Aniethodofini{xoviogfudoelIperfoTiDaiK«maUq 
electrolyte fuel cell comprisiog at least one dectnxle, said electrode conqxising a 
5 caibcmaceomsubstiBteai]danelectnx:ata]yst,saidn}«1^ 

cartxraaceous substrate prior to incoip(xation of said elKtrocatal^st into said electrode. 

Z 11iemefiK>dofcIfliml v«di<!im die oxidation 
pei^snifid electivcheimcaUy in an aqoeous 8ol^^ 

10 

3. TliemellMdofclaim 2 vivron said aquebus solution is add^ 

4. TheiD^hodofclaim3\fiieidns8id03ddatic^ 
inunosing said carbonaceous substrate and a 

IS aqueous solutian; 

comiecfing said caibonaceous substrate and sud raunter dedi^ 
and ni^gative tenninftis of apow supply, reqjectivd^ 
electrodbemical cdl; and 

directing dectiic current ibe dectrochemic^ cell. 

20 

5. Ilw m^hod of claim 1 furlfaerconjpisinginqaxsnating said treated 
carbonai^ous substrate with a proton conducting ianomer prior to inoMporadon of said 
eI&:tiocataIyst into said dectrode. 

25 6. The method of datniS^v^berau said jxcrtoncooductL^ 
polyOKifiuorosuIphQnic acid). 

7. The method of claim 6 \^4iaem said treated carbonaceous substrate is 
inq»cgnated to produce an ioiuHucr loading of grcatra than about 0.2 111^^ 
30 po^((peiflnc»osu]^nicacki). 
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8. Tteiii^odofcIaimSfiiitibwcompnaii^ 
electrocatalyst to said treated imprt^nated carbonaceous substrate. 

S 9. Theme«iK>dofdaimSwheidbsudelectr^^ 
iinpc^nated carb(«aceous substrate m an aqueous iniL 

10. The melliod of daim 1 wheacia said liquid &ed solid polymer electtofyfe &el 
cell is adiiectmetii8Qol fiwl ceU. 

10 

11. Tlieinedi(KlofcIaim3vriiaeinsaidaddicaqu^^ 



12. TbemeduKiofdaimll wiiendasaidaddi^ 
15 0.5 M 11^04. 

13. Tlie method ofdaimlvteein said caiixiDaceoossubs^ 
fibre ipsspex. 

20 14. Tbe method ofclaimlvdierdm said CBtbon^^ 

5bK ncHo-wovaa. 

15. 11iem^]odofclaim4vdie(dnsaid«leclKK^^ 
con^idses ditecting gnato>ftaaaboat20couI(mibspercm*ofdwc8ib(H»ceou8 
25 substrate. 



16. Themetibodofda]m4vAKidntiievoItagpofsddc^^ 

said dediodbQaucai cell is greater tiiSQ 12 V versus aNonnal Hydn^mHectrode. 
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17. Tbeinediodofdaim9vtodnsdddectncatatystu 
alloy. 

18. Aadediode for a UquidjBMxisoUd polymer dbcbolyte 
5 tolfaemeifaodofdiiiixil. 

19. An anode for a Uquid feed solid polymer dectiolytef^ 
tiie m^hod of daim 1 . 

10 20. Melectiode for a Uqmd&edsoUd polymer dectrolytefii^ 
to tiiB mediod of daim 2. 

21. An anode for a liquid feed solid po^jroetdectroIytefiidceO made ao^^ 
tfiemetiiodofdaimZ 

15 

22. A liquid feed solid polymardoctrolytefiid cell compd^: 
an dectrode coiiqHising a carbooace^ 

\riierdn said caibonaceots substrate bas been oxidized priw to incorpoiatiaD of said 
dectrocatalyst into said deetrode. 

20 

23. llieliquul feed solid polymer decttolytefodoeU of daim 22 wlie^ 
oxidation has been perfbnned decttodumicaUy in an aqueous solution. 

24. Ilieliqdd feed soM polymer electrolyte fodceUofdaim 23 wbeidn said 
25 aqueous solulicxa is addic. 
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25. AmeQi(xlofim]xovingfodceUpei&nim]cemalK^ 

ekcttxtlyte fuel cell having an electrode, said electnxie comprising a substrate and an 

electrocatalyst, said method compising: 

inqfir^fnating said substxate vddi aiMoton coodo^^ 
5 q^lyii^ said electrocatalyst to said si^ 
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